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In this article, a survey database of exchange rate expectations is employed to ex-
amine EMS exchange risk premia. We are able to test a risk premium model directly,
i.e. without having to rely on the rational expectations assumption. The results
indicate that time-varying risk premia are almost always present and that a
(G)ARCH-in-mean specification is often quite succesful in capturing the essential
features of the premia.
I. INTRODUCTION
One of the well established empirical regularities in the
international financial economics literature is the finding
that the forward discount is a biased predictor of the future
change in the exchange rate - see the surveys on the effi-
ciency of the foreign exchange market by Hodrick (1987)
and Levich (1985). The rejection of forward market efii-
ciency may be attributable to the irrationality of market
participants (as suggested, e.g., by Bilson, 1981; Cumby
and Obstfeld, 1984 and Longworth, 1981), or to the exist-
ence of time-varying risk premia (as suggested by Fama,
1984; Hodrick and Srivastava, 1984; Hsieh, 1984; Wolff,
1987 and others), or to some combination of both of
these phenomena. The debate regarding the relative size
and variability of the exchange risk premium continues to
be an issue of central concern in the financial economics
literature. Conditional on the hypothesis that the foreign
exchange market is efficient or rational, the existence of
time-varying premia has been documented in the literature
by Hansen and Hodrick (1980), Frankel (1982), Fama
(1984), Hodrick and Srivastava (1984), Hsieh (1984),
Korajczyk (1985), and Wolff (1987).
Alternative methodologies to measure time-varying pre-
mia have been explored in the literature. First, models that
are based strictly on the time series properties of spot and
forward exchange rates and asset prices were examined -
see the latent variable model of Hansen and Hodrick (1980)
with its extensions by Hodrick and Srivastava (1984),
Campbell and Clarida (1987), and Giovannini and Jorion
(1987). The presence of conditional heteroscedasticity in
forecast errors prompted Domowitz and Hakkio (1985)
to model a time-varying risk premium using the autoregres-
sive conditional heteroscedasticity (ARCH) framework.
Korajczyk (1985) noted that the variability of risk premia
can in theory be related to variations in expected real inter-
est rates. A second approach is to employ some measure of
market fundamentals in an attempt to test specific theories
of the risk premium. Frankel (1982) and Frankel and Engel
(1984) examined an asset market equilibrium model based
on assets demands derived from a two-period mean-
variance maximization problem. A third approach to
investigate the possible existence of time-varying risk pre-
mia attempts to measure expected depreciation directly
using information from surveys - see Frankel and Froot
(1987b), Froot and Frankel (1989), and Cavaglia et al.
(1994), for instance.
This paper modifies the analysis of Domowitz and
Hakkio (1985) to be applied to a survey data set of
exchange rate expectations covering a wide range of EMS
currencies over a different sample period, combining the
first and third approaches mentioned above. The principal
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benefit of using such data is that one obtains a direct meas-
ure of agents' beliefs, thus allowing for separate testing of
an underlying model of exchange rate determination and a
hypothesis about expectations, whereas previous work pro-
ceeded conditional on the hypothesis that the foreign
exchange market is efficient or rational. The survey data
set begins in January 1986 and ends in September 1991,
when the survey was discontinued, covering a period of
US Dollar depreciation (and Deutschmark appreciation)
relative to the currencies we review. Cavaglia et al. (1994)
recently examined a set of survey data of exchange rate
expectations, that includes several EMS currencies. Their
findings indicate that for EMS exchange rates relative to
the Deutschmark variation in the forward discount pri-
marily refiects changes in risk premia rather than changes
in expected depreciation and, thus, that the forward dis-
count bias is primarily attributable to significant variation
in the risk premium component. As in Domowitz and
Hakkio (1985) and Diebold and Pauly (1988), we employ
exchange rate data on a monthly basis. However, the
results, covering nearly all EMS currencies, provide an
interesting complement to previous work that has largely
focused on the five most actively traded currencies vis-d-vis
the US Dollar. Conditional heteroscedasticity appears to
be a prominent feature of exchange rate behaviour in the
EMS period - see Diebold and Pauly (1988b), and
Nieuwland et al. (1994), for instance.
This paper is presented in five sections. In Section II, the
construction of the exchange rate survey is outlined and
summary statistics describing the data are provided. In
Section III, the presence of time-varying risk premia is ex-
amined as well as the presence of heteroscedastic residuals.
The methodology and models employed to capture the
time-varying risk premia are explained in Section IV.
Section V presents the main empirical results of this
study and Section VI contains concluding remarks.
II. THE SURVEY DATA
From 1986 through 1991, Business International
Corporation conducted a monthly survey of exchange
rate expectations covering five currencies relative to the
Deutschmark which are published in its Cross Rates
Bulletin. For publication purposes, survey participants
are asked a few days prior to month's end to fax three-,
six- and twelve-months-ahead expectations of a number of
currencies with projections being made from the beginning
of the following month. Thus, for instance, the three-, six-
and twelve-months-ahead expected French Franc/
Deutschmark rate recorded on 27 December 1990 reflect
a slightly longer forecast horizon as they represent the
expected spot rate on 1 April 1991, 1 June 1991 and 2
January 1992 respectively. The dates on which the surveys
were conducted were recorded as well as the spot, three-.
six-, and twelve-month-ahead forward rates recorded on
that particular day. Care has been exercised throughout
the empirical analysis to ensure that conditional expecta-
tions are computed on the basis of the proper information
set.
The thirty-odd participants of the survey are treasurers
of multinationals and private banks residing in four of the
world's continents. Although not all participants provide
their views regarding a particular currency, the response
rate is at worst 60%. The Cross Rates Bulletin reports the
geometric mean forecast of the responses received, thus
minimizing the effect of extreme forecasts. Unfortunately
disaggregated survey respondent data are not available,
although the standard deviation of the respondents' expec-
tation is reported.
Conditional on market efficiency and rational expecta-
tions, the forward exchange rate is equal to the expected
future spot rate plus a risk premium. The use of survey
data allows the direct measurement of a risk premium
from the decomposition of the forward discount into its
two components - expected depreciation and the risk pre-
mium:
— S, — {E,S,+i^ - S,) + P) (1)
Here S, is defined as the natural logarithm of the spot
exchange rate at time t, E,S,+k is defined as the expected
logarithm of the spot exchange rate at time t + k formed at
time t and ,F, + ^ is defined as the natural logarithm of the
forward rate at time t for delivery at time t -h k and /•/' is
the associated risk premium. The left-hand side of
Equation 1 is the forward discount, and the right-hand
side is the expected rate of depreciation of the home cur-
rency relative to the foreign currency (Deutschmark - the
exchange rates are expressed as units of home currency per
unit of foreign currency) plus the risk premium.
Because the exchange rate expectations from the survey
are direct estimates they do not require us to assume any
particular model of expected depreciation or of the risk
premium. To give Equation 1 economic content, a model
of international asset pricing that describes the determina-
tion of P,'' is required. Equilibrium models of international
asset pricing that provide us with such descriptions are
presented, for instance, in Roll and Solnik (1977),
Hodrick (1981), Stulz (1981), Adler and Dumas (1983),
and Hodrick and Srivastava (1984).
Tables l(a) and (b) provide summary statistics for the
expected exchange rate depreciation and forward discount
across forecast horizon and across currencies. The sum-
mary statistics for the risk premium across horizon and
across currencies are reported in Table l(c).
For the period analysed (1 January 1986 through 1
September 1991) the standard deviations of both the
expected depreciation and forward discount across the 3,
6, and 12 month horizons are generally larger for the
Italian Lira relative to the Deutschmark than the corre-Exchange risk premia 353
Table l(a). Summary of statistics of expected depreciation:
EtSi4-k-St: 1 January 1986 through 1 September 1991
Table l(b). Summary of statistics of forward discount:

















































































































































































































































































































Notes: BF = Belgian Franc; DG = Dutch Guilder; DM = Deutsch-
mark; FF = French Franc; IL = Italian Lira; SP = Spanish Peseta.
The BJ-test denotes the Bera-Jarque test for normality; KS-1 and
KS-2 pertain to the Kiefer-Salmon normality test for skewness
and kurtosis, respectively; * (**) [***] denotes rejection at the
10% (5%) [1%] level of the normality hypotheses.
Notes: BF = Belgian Franc; DG = Dutch Guilder; DM = Deutsch-
mark; FF = French Franc; IL = Italian Lira; SP = Spanish Peseta.
The BJ-test denotes the Bera-Jarque test for normality; KS-1 and
KS-2 pertain to the Kiefer-Salmon normality test for skewness
and kurtosis, respectively; * (**) [***] denotes rejection at the
10% (5%) [1%] level of the normality hypotheses.
sponding estimates of the other EMS exchange rates
involving the Deutschmark. The provisions of the EMS
at the time allowed participating countries to maintain
their exchange rates within bilateral limits of ±2.25%
(±6% for Italy and, since June 1989, Spain). Comparing
Table l(a) and (b), one notes that in general the expected
rates of depreciation and the forward discount are of the
same sign. Thus the currencies that were expected to
depreciate were at a forward discount. This confirms
the results of Frankel and Froot (1987a, b). Table l(c)
suggests the presence of time-varying risk premia, implying
that domestic and foreign assets are imperfect substitutes.
The numbers differ from summary statistics reported
by Frankel and Froot (1987a, b), which demonstrate
surprisingly large exchange risk premia in a number of
cases.
In order to assess the distributional properties of the
expected depreciation, forward discount, and risk premia
series, the Bera-Jarque (1982) normality test and the
Kiefer-Salmon (1983) Lagrange multiplier normality tests
are reported in Table l(a), (b), and (c). The former is a joint
test using both skewness and kurtosis and the latter are a
LM tests for normal skewness (KS-1) and normal kurtosis
(KS-2), respectively. The Bera-Jarque test is asymptotically
X^(2) distributed and the Kiefer-Salmon tests y^{\).
Overall, the evidence presented suggests a fairly consistent
rejection of the normality hypotheses. Failure to reject the
null occurs in only seven out of 45 cases. Thus, in spite of
the notion that leptokurtic unconditional densities of
ARCH processes approach normality by temporal aggre-
gation - see e.g. Diebold (1988b) - it appears that the
monthly series used here may be characterized as highly
leptokurtic. This is in line with Koedijk et al. (1990) who
find that for EMS exchange rates ARCH effects become
less important in time aggregation whereas fat tails remain
important.354 F. G. M, C. Nieuwland et al.
Table l(c). Summary statistics of risk premium:

























































































































































Notes: BF = Belgian Franc; DG = Dutch Guilder; DM = Deutsch-
mark; FF = French Franc; IL = Italian Lira; SP = Spanish Peseta.
The BJ-test denotes the Bera-Jarque test for normality; KS-1 and
KS-2 pertain to the Kiefer-Salmon normality test for skewness
and kurtosis, respectively; * (**) [***] denotes rejection at the
10% (5%) [1%] level of the normality hypotheses.
III. TIME-VARYING EXCHANGE RISK
PREMIA
Survey expectations data can be exploited to decompose
the forward discount bias into portions attributable to irra-
tional behaviour of economic agents or to the existence of
time-varying risk premia - see Frankel and Froot (1987b),
Froot and Frankel (1989), and Cavaglia et al. (1993, 1994),
for instance. In order to test whether the existence of time-
varying risk premia is the economically important reason
for rejection of forward market efficiency, the following
equation may be fitted by ordinary least squares;
where e, is a random error term. The null hypothesis of
perfect substitutability implies that a = 0 and /3 = 1. The
degree to which changes in the forward discount refiect
changes in the risk premium can be inferred from a regres-
sion of expected depreciation on the forward discount
(Equation 2). Under the hypothesis that the correlation
of the risk premium with the forward discount is zero (no
time-varying risk premia), (3 will equal one. Cavaglia, et al.
(1993, 1994) and Cavaglia and Wolff (1993) present evi-
dence for the dataset at hand, based on heteroscedasti-
city-consistent test statistics, that perfect substitutability
is almost always rejected and that the hypothesis ,9 = 1 is
also fairly consistently rejected. Thus, as in most models in
which sterilized foreign exchange intervention is effective,
variation in the forward discount for EMS currencies
reflect a statistically significant degree of variation in the
risk premium component.
In order to test for the presence of heteroscedastic OLS
residuals e, from Equation 2, two different approaches are
employed below. First the Lagrange multiplier (LM) tests
for autoregressive conditional heteroscedasticity - see
Breusch and Pagan (1979) - are performed, and secondly
a nonparametric test based on finite-state homogeneous
Markov chains - see Gregory (1989) - is applied. Using
Monte Carlo analysis, Gregory (1989) concludes that
under other distributions than the Normal the LM test is
biased towards the null hypothesis of no ARCH, and that
the Markov Chain test is superior to the LM test in terms
of better finite sample properties. Both tests only require
estimation under the null hypothesis of no heteroscedasti-
city and are appropriate under all distributional assump-
tions.
The results of the LM and Markov chain tests for the
presence of heteroscedasticity are given in Table 2. Overall,
the evidence presented suggests a weak rejection of the
hypothesis of no heteroscedasticity. However, it is interest-
ing to note that the results for the Belgian Franc and the
Itahan Lira at the 6 and 12 month horizons provide a
strong rejection of the null hypothesis. Thus, although
ARCH effects tend to weaken with less frequently sampled
data, in several cases the EMS exchange rates at the 3, 6,
and 12 month horizon still display significant ARCH
effects. The evidence presented contrasts with the results
of Domowitz and Hakkio (1985), who found no significant
ARCH effects for a different set of currencies, except in the
case of Japan.
IV. MODELLING TIME VARYING RISK
PREMIA; METHODOLOGY
Hodrick's (1987) and Levich's (1985) reviews of the litera-
ture on the efficiency of foreign exchange market suggest
that there is overwhelming evidence in favour of the view
that forward rates are biased predictors of future spot
rates. For the EMS currencies examined, rejection is
generally attributed to the presence of a significant time-
varying risk premium. A number of theoretical models
have been put forward which generate risk premia inExchange risk premia 355
Table 2. Heteroscedasticity tests of OLS residuals: EtSj+k =






































































































Notes: LM(p) test is estimated by a regression of squared OLS
residuals (Equation 2) on a constant and p lags, and is asymp-
totically Chi-square (p) distributed. LRIMI is a likelihood ratio
test of independence against a first order Markov Chain, and is
distributed chi-square(l); LRIM2 is a likelihood ratio test of
independence against a second order Markov Chain, and is
distributed chie-square(3). * (**) [***] denotes significance at
the 10% (5%) [1%] level.
foreign exchange markets, examples are Hodrick and
Srivastava (1984), Domowitz and Hakkio (1985), Diebold
and Pauly (1988a) and Kaminsky and Peruga (1990). Most
of these theories share Lucas' (1982) model for the inter-
national economy as a starting point. Although this
dynamic general equilibrium model provides useful insights
into the possible structure of risk premia in the forward
foreign exchange markets, direct tests of this model are
impossible without further restrictions. This is due to the
general structure of the model. The second common
denominator in these models is that in general the risk
premium depends on the conditional probability distri-
bution of the future spot rate, which may lead to a time-
varying risk premium, if this distribtition is time-varying.
Empirically, many specifications for such a risk premium
have been employed which depend on the conditional vari-
ance of the spot rate. Nevertheless, in their review
Bollerslev et al. (1992) note that: 'A satisfactory model
for the time varying risk premium in the forward foreign
exchange market has yet to be formulated'.
In this paper we adopt a different approach which is
inspired by the availability of survey data. We do not
assume rational expectations, nor do we have to rely on
estimation methods using unobserved variables, as in
Hodrick and Srivastava (1984, 1986). Conditional on the
hypothesis that the foreign market is efficient or rational.
the modelling of time varying risk premia has been
explored, among others, by Domowitz and Hakkio
(1985), and Diebold and Pauly (1988a). Based on the utility
optimizing models of Lucas (1982), Domowitz and Hakkio
(1985) present an intertemporal asset pricing model in
which the risk premium is a function of the conditional
variances of the domestic and foreign money supplies.
The methodologies used in these papers usually involve
measurement of time-varying risk premia conditional on
the hypothesis that exchange rate forecasts are rational.
Conclusions about the behaviour of premia in the pricing
of forward foreign exchange are conditional on rational
expectations formation by economic agents. Since the
results of previous research overwhelmingly favour the
conclusion that economic agents exhibit irrational behav-
iour (see Frankel and Froot, 1987a and Cavaglia et al.,
1993, 1994), we propose an alternative approach to meas-
ure premia based on our survey data. The survey data
allow the direct measurement of risk premia from the
decomposition of the forward discount in Eqtiation 1,
thereby avoiding the rational expectations hypothesis.
In our analysis above, several currencies display signifi-
cant ARCH effects. However, as we do not specify a gen-
eral equilibrium model we do not know the true structure
of the covariance matrix and to what variables it is related.
A (G)ARCH model is an acceptable alternative because it
can be interpreted as a reduced form of a more complicated
dynamic structure for the time-varying conditional second
order moments. The ARCH-M model developed by Engle
et al. (1987) which was proposed in this context by
Domowitz and Hakkio (1985), can be used in addressing
questions regarding the risk-return tradeoff in a time series
context. The ARCH-in-mean model extends the ARCH
model to allow the conditional variance to affect the con-
ditional mean directly. The Domowitz and Hakkio model
is given by the following equations:







where A represents the set of available information at time
t. The risk premium, RP'l, depends directly on the con-
ditional variance of e, which is denoted h]. The conditional
variance of the expected rate of depreciation given time t
information is postulated to depend on the realizations of
the squared error terms in the previous months. A general-
ization proposed by Bollerslev (1986) is the GARCH
model. For the first-order GARCH-in-mean model the
conditional variance becomes:
h]=. (7)356 F. G. M. C. Nieuwland et al.
The degree of persistence in variance is determined by the
magnitude of the parameters of the conditional variance
Equations 6 and 7 and nonnegativity constraints are
imposed on these parameters. In the context of the
GARCH model, we restrict our attention to a GARCH
(1,1) specification since it has been shown to be a parsimo-
nious representation of conditional variance that ade-
quately fits many economic and financial time series - see
e.g. Bollerslev (1986).
The estimation of the econometric model described
above using maximum likelihood methods is not as
straightforward as may seem at first sight. First, we assume
conditional normality without knowing what the true con-
ditional distribution really is. This leaves the model subject
to distributional misspecification. Weiss (1986) has shown
that the quasi-maximum likelihood parameter estimates
are still consistent and asymptotically normal but with a
modified asymptotic covariance matrix, which is robust to
departures from normality. Furthermore, the information
matrix is not block diagonal in the present framework, as a
function of the conditional variance enters the mean equa-
tion. This means that we cannot use the scoring algorithm
to obtain the maximum likelihood estimates (see Engle,
1982). Instead, we have to rely on numerical maximization
of the likelihood function. We employ the Berndt et al.
(BHHH) (1974) algorithm with numerical derivatives to
obtain maximum likelihood estimates. The robust covar-
iance matrix is calculated by pre- and post-multiplying the
inverse of the BHHH covariance matrix by the inverse of
the estimated information matrix. The estimation results
and diagnostics of both ARCH- and GARCH-in-mean
models are presented in the next section.
V. THE EMPIRICAL RESULTS
Maximum likelihood estimates of the parameters and their
heteroscedasticity-consistent asymptotic standard errors
are reported Tables 3 and 4 for the two models described



























































































































































































Notes: The heteroscedasticity-consistent standard errors of the coefficients are given in parenth-
eses; * (**) [***] denotes significance at the 10% (5%) [1%] level for the hypotheses PQ = 0,
/3| = 1, ^ = 0, ao = 0 or a, = 0, respectively. L.L. denotes the log-likelihood values.Exchange risk premia 357



























































































































































































































Notes: Heteroscedasticity-consistent standard errors of the coefficients are given in parentheses; * (**) [***] denotes
significance at the 10% (5%) [1%] level for the hypotheses /3o = 0, /3, = 1, 5 = 0, OQ = 0 or a, = 0, respectively. L.L.
denotes the log-likelihood values.
in the previous section. All calculations were performed
using the software package Gauss.
Table 3 reports the ARCH-in-mean estimation results
for each currency and for each forecast horizon (A: = 3,6
and 12 months). Rejection of the hypothesis j3\ = 1 (no
time-varying risk premia) was obtained in 10 out of 15
cases, thus corroborating our earlier results, which demon-
strate significant time-varying risk premia. In a number of
cases, the results provide evidence of both 6 and a\ being
insignificantly different from zero. Rejection of the hypoth-
esis ^ = 0 was obtained in 7 out of 15 cases, whereas rejec-
tion of a, =0 was obtained in 5 cases. The Italian Lira/
Deutschmark exchange rate appears to be integrated-in-
variance (see Engle and Bollerslev, 1986), a condition ana-
logous to a unit root in the conditional mean. At the 3, 6
and 12 month forecast horizon, the estimated a\ coefficient
is greater than one which implies that the unconditional
distribution of the expected depreciation is extremely fat
tailed with an infinite variance (see also Table l(a)).
The GARCH-in-mean estimation results are reported in
Table 4. The results provide a fairly consistent rejection of
the hypothesis /?, = 1 (no time-varying risk premia), sug-
gesting significant variation in the risk premium. The esti-
mated a\ and 7, coefficients are statistically significant in
many cases, thus supporting the GARCH specification.
Moreover, a number of the estimated models result in sta-
tistically significant 6 coefficients, suggesting that premia
for EMS exchange rates relative to the Deutschmark follow
GARCH (1,1) processes. In the case of the Italian lira/
Deutschmark exchange rate, the coefficient estimates of
ai -1- 7i are greater than one, indicating high persistence
in the volatility shocks, or IGARCH behaviour (see
Engle and Bollerslev, 1986). As conjectured by Diebold
(1988), and Lamoureux and Lastrapes (1990), this may358 F. G. M. C. Nieuwland et al.
Table 5. Generalized likelihood ratio test statistics: ARCH-in-mean








































Notes: f-values are given in parentheses; * (**) [***] denotes
rejection at the 10% (5%) [1%] level. Significance is assessed by
comparison with the x^(l)-
be the result of shifts in motietary regimes which affect the
level of the uticotiditiotial variances. Lastrapes (1989) finds
that persistence of exchange rate volatility decreases when
regime shifts are accounted for, thus diminishing the like-
lihood of finding integrated-in-variance processes.
Given the above results, it is interesting to compare the
relative fit of both models. We employ generalized likeli-
hood ratio tests to compare nested models. Such nested
models can be tested using the generalized likelihood
ratio A = sup^g$ L{(^; x)/ sup^gQ L((|); x) of the maximized
likelihood values under the null, $, and under the encom-
passing parameter space, il, which also includes the alter-
native hypothesis. Here, L{.;.) is the likelihood function, ^
is the parameter vector and x is the relevant set of observa-
tions. Under the null <1>, the statistic —2 In A has a x^ distri-
bution with degrees of freedom equal to the difference in
the number of parameters of the two models.
Table 5 presents the generalized likelihood ratio tests to
compare the relative fit of the two models. Many of the p-
values associated with the chi-square statistics are close to
zero. Thus, the generalized likelihood ratio tests in these
cases reject the simpler (ARCH-in-mean) model in favour
of the more complicated (GARCH-in-mean) model. In the
case of the BF/DM exchange rate at the 12 month horizon
and the SP/DM exchange rate at the 6 month horizon, the
/^-values associated with the chi-square statistics are equal
to one, which indicates strong support for the ARCH spe-
cification. In order to determine the adequacy of the sta-
tistical specification, the models are subjected to diagnostic
checks on the standardized residuals:
z, = (8)
where e* is the fitted residual from Equation 3 and h* is the
estimated conditional variance from Equations 6 and 7.
From Jensen's inequality it follows that the standardized
residuals, z,, should demonstrate less absolute skewness
and should be thinner tailed than their unconditional raw
data counterparts. Any strong violation of this rule should
be regarded as evidence of model misspecification - see
Hsieh (1989).
The diagnostics for ARCH- and GARCH-in-mean mod-
els are presented in Tables 6 and 7. Overall, the evidence
presented suggest a less consistent rejection of the normal-
ity hypotheses as compared with the results of Table l(a),
(b), and (c). For the standardized ARCH-in-mean resi-
duals, rejection occurs in 10 out of 15 cases, whereas for
the standardized GARCH-in-mean residuals, rejection was
obtained in only seven cases. In addition, we find that in
most cases the estimated statistics - the BJ-test, KS-1, and
KS-2 - are smaller than those reported by Table l(a), (b),
and (c), thus supporting our model specifications. In par-
ticular the GARCH-in-mean model is quite succesful at
removing excess kurtosis and skewness in a number of
cases. In order to test for remaining heteroscedasticity, a
residuals-based test of the models may be carried out by
regressing (e^ - h])/h], calculated in the basis of fitted
values, on fitted values of \/h] and on one to five lags of
the dependent variable. The results are reported under
LM(1) and LM(5), and are chi-square distributed with
one and five degrees of freedom, respectively. For the
Table 6. Diagnostics of ARCH-in-mean models: 1 January 1986






































































































































Notes: The BJ-test denotes the Bera-Jarque test for normality;
KS-1 and KS-2 pertain to the Kiefer-Salmon normality test for
skewness and kurtosis, respectively; * (**) [***] denotes rejection
at the 10% (5%) [1%] level of the normality hypotheses.Exchange risk premia
Table 7. Diagnostics for GARCH-in-mean models: I January 1986
through 1 September 1991


































































































































Notes: The BJ-test denotes the Bera-Jarque test for normality;
KS-1 and KS-2 pertain to the Kiefer-Salmon normality test for
skewness and kurtosis, respectively; * (**) [***] denotes rejection
at the 10% (5%) [1%] level of the normahty hypotheses.
ARCH-in-mean models, rejection of the null hypothesis of
no heteroscedasticity occurs in only one case (the SP/DM
exchange rate), whereas the GARCH-in-mean models all
result in statistically insignificant test statistics.
VI. CONCLUSIONS
This paper has examined exchange risk premia using
survey data for a set of EMS exchange rates relative to
the Deutschmark over the 1986-1991 period. The method-
ologies used in previous empirical research on premia in the
pricing of forward foreign exchange usually involve meas-
urement of time-varying risk premia conditional on market
efiiciency or rational expectations. We implemented an
alternative approach to measure premia. The approach
involves application of survey data to allow the direct
measurement of risk premia from the forward discount
decomposition into its two components - expected depre-
ciation and the risk premium. We extended the analysis of
Domowitz and Hakkio (1985) to model time-varying risk
premia in the pricing of forward foreign exchange that do
not require us to assume rationality on the part of eco-
359
nomic agents. We find considerable support for the pres-
ence of time-varying risk premia in the pricing of forward
foreign exchange. The estimated premium models -
ARCH-in-mean and GARCH-in-mean - indicate that the
time-varying premia can be explained by the conditional
standard deviation of the expected rate of depreciation. In
particular the GARCH-in-mean model appears to be rea-
sonably succesful in accounting for both time-varying risk
premia and conditional heteroscedasticity. Our findings
basically contrast with the results of Domowitz and
Hakkio (1985), who found only minimal support for the
ARCH-in-mean model for some of the major currencies
relative to the US Dollar in the period 1973-82.
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